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Description

[0001] The present disclosure relates to the field of symbol clock recovery circuits.

[0002] EP 0821503 A2 discloses a clock timing recovery circuit for recovering the clock timing from a baseband signal
obtained by detection of a received signal, clock timing is rapidly established by using a clock which has been phase-
shifted from the desired clock timing to sample the baseband signal, and by obtaining the optimum phase from the
sampled signal obtained as a result.

[0003] According to a first aspect of the invention, there is provided a symbol clock recovery circuit comprising:

an ADC comprising an ADC input terminal, an ADC output terminal and an ADC clock terminal, wherein the ADC
input terminal is configured to receive a baseband signal, wherein the baseband signal is representative of one or
more symbols, and wherein the ADC output terminal is configured to provide an ADC output signal;

a controllable inverter comprising an inverter input terminal, an inverter output terminal and an inverter control
terminal, wherein the inverter input terminal is configured to receive a carrier frequency signal, the inverter output
terminal is configured to provide a configurable clock signal to the ADC clock terminal; and wherein the configurable
clock signal is selectively inverted with respect to the received carrier frequency signal in accordance with a first
feedback signal received at the inverter control terminal;

a timing detector comprising a timing detector input terminal, a timing detector output terminal, a first timing detector
feedback terminal, wherein:

the timing detector input terminal is configured to receive the ADC output signal from the ADC output terminal;
the timing detector output terminal is configured to provide a digital output signal; and

the first timing detector feedback terminal is configured to provide the first feedback signal to the inverter control
terminal;

wherein the timing detector is configured to determine an error signal associated with the received ADC output
signal, and set the first feedback signal in accordance with the error signal.

[0004] The timing detector may be configured to compare a representation of the error signal with a threshold, and
set the first feedback signal in accordance with a result of the comparison of the representation of the error signal with
the threshold.

[0005] The controllable inverter may be configured to set a timing of a rising edge, or a falling edge, of the configurable
clock signal at a resolution of half carrier frequency.

[0006] The ADC may be configured to perform an analogue to digital conversion upon receipt of either a rising edge
or a falling edge in the configurable clock signal received at the ADC clock signal.

[0007] The timing detector may be configured to determine the error signal associated with the received ADC output
signal by comparing (i) a signal representative of the ADC output signal with (ii) a signal representative of the digital
output signal.

[0008] The timing detector may be configured to:

compare a first representation of the error signal with a first threshold,

compare a second representation of the error signal with a second threshold, and

set the first feedback signal in accordance with a result of either or both of (i) the comparison of the first representation
of the error signal with the first threshold, and (ii) the comparison of the second representation of the error signal
with the second threshold.

[0009] The timing detector may be configured to:

compare a consolidated value of the first representation of the error signal and the second representation of the
error with a threshold, which is a predefined fraction of a symbol interval; and
set the first feedback signal in accordance with a result of the comparison of the consolidated value with the threshold.

[0010] The first representation of the error signal may comprise a maximum value of the error signal. The second
representation of the error signal may comprise a minimum value of the error signal.

[0011] The first threshold may be the same as, or different to, the second threshold.

[0012] The timing detector may be configured to set the first feedback signal in accordance with (i) a result of the
comparison of the representation of the error signal with the threshold, and (ii) a result of a comparison of a representation
of an earlier error signal with a threshold.
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[0013] The inverter output terminal may be connected indirectly to the ADC clock terminal via a timing selector, the
timing selector comprising a timing selector input terminal, a timing selector output terminal and a timing selector control
terminal. The timing selector input terminal may be configured to receive the configurable clock signal from the controllable
inverter. The timing selector output terminal may be configured to provide an adjusted configurable clock signal to the
ADC clock terminal. The timing selector control terminal may be configured to receive a second feedback signal. The
timing selector may be configured to provide the adjusted configurable clock signal such that it has a transition that
corresponds to one of a plurality of transitions in the carrier frequency signal during a single symbol in the received
baseband signal. The selected one of the plurality of transitions may be selected in accordance with the second feedback
signal. The timing detector may have a second feedback terminal that is configured to provide the second feedback
signal. The timing detector may be configured to sequentially set the second feedback signal at a plurality of control
values, and subsequently set the second feedback signal in accordance with received ADC output signals for the plurality
of control values.

[0014] The timing detector may be configured to:

determine, for each of the plurality of control values, a conversion metric representative of the quality ofthe conversion;
in accordance with the determined conversion metrics, subsequently set the second control signal as one of the
plurality of control values.

[0015] The timing detector may be configured to perform an integer frequency division operation on the received
configurable clock signal, such that the frequency of the adjusted configurable clock signal matches the frequency of
symbols in the coherent baseband signal.

[0016] There may be provided a data communication system comprising any symbol clock recovery circuit disclosed
herein.

[0017] There may be provided an integrated circuit comprising any symbol clock recovery circuit disclosed herein, or
any data communication system disclosed herein.

[0018] There may be provided a computer program, which when run on a computer, causes the computer to configure
any apparatus, including a circuit, controller, converter, or device disclosed herein or perform any method disclosed
herein. The computer program may be a software implementation, and the computer may be considered as any appro-
priate hardware, including a digital signal processor, a microcontroller, and an implementation in read only memory
(ROM), erasable programmable read only memory (EPROM) or electronically erasable programmable read only memory
(EEPROM), as non-limiting examples. The software may be an assembly program.

[0019] The computer program may be provided on a computer readable medium, which may be a physical computer
readable medium such as a disc or a memory device, or may be provided as firmware, or may be embodied as a transient
signal. Such a transient signal may be a network download, including an internet download.

[0020] A description is now given, by way of example only, with reference to the accompanying drawings, in which:-

figure 1 shows a symbol clock recovery circuit;

figure 2 shows example values of various signals in the circuit of figure 1;

figure 3 shows a signal processing circuit;

figure 4 shows an example implementation of a digital receiver;

figure 5 shows examples of an input signal received at a detector block an output signal provided by the detector block;
figure 6 shows an example error signal that can be achieved for a receiver that utilises a first feedback signal; and
figure 7 shows an example error signal for a receiver that does not utilise a first feedback signal

[0021] Examples disclosed in this document relate to a symbol clock recovery circuit that can selectively invert a
received carrier signal in order to produce a configurable clock signal for an ADC. In this way a falling edge in the received
carrier signal can occur as a rising edge in the configurable clock signal, thereby enabling an ADC to be used that is
triggered by one type of signal transition (either rising edge or falling edge) yet can be triggered at a time that corresponds
to either a rising edge or falling edge in the original carrier signal. This therefore enables half carrier accuracy timing
and can improve performance of the symbol clock recovery circuit. As will be described below, such performance
improvement can be particularly well suited to high data rate communications systems that use radio-frequency identi-
fication (RFID).

[0022] Figure 1 shows a symbol clock recovery circuit 100 that can accurately recover a symbol clock signal such that
an accurate digital output signal 102 can be determined from a received baseband signal 104. The baseband signal
104 is representative of one or more symbols. In particular, an accurate digital output signal 102 can be obtained even
when the symbol duration is a small integer multiple of a carrier signal period, for example a symbol duration that is only
twice the carrier signal period.

[0023] The symbol clock recovery circuit 100 includes an analogue-to-digital converter (ADC) 106 that has an ADC
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input terminal 108, an ADC output terminal 110 and an ADC clock terminal 112. As is known in the art, the ADC 106
converts an analogue signal received at its ADC input terminal 108 into an output digital signal, which it provides at its
ADC output terminal 110. The timing of the conversion is set by a clock signal received at the ADC clock terminal 112,
more particularly, upon receipt of either a rising edge or a falling edge in the clock signal. In this example, a conversion
operation is performed by the ADC 106 upon receipt of a rising edge of the clock signal.

[0024] The ADC input terminal 108 receives the baseband signal 104 that is representative of one or more symbols.
The one or more symbols can be considered as modulation symbols that have been modulated onto a carrier signal for
transmission as a high frequency (HF) signal, as is well known in the art. The samples of the demodulated carrier have
a timing that is coherent with the transmitted HF signal. The frequency of the samples can be less than or equal to the
frequency of the carrier. The ADC output terminal 110 provides an ADC output signal 134.

[0025] The symbol clock recovery circuit 100 includes a controllable inverter 114 that has an inverter input terminal
116, an inverter output terminal 118 and an inverter control terminal 120. The inverter input terminal 116 is configured
to receive a carrier frequency signal 136, which as described below can be obtained from a received HF signal. The
inverter output terminal 118 provides a configurable clock signal 122 to the ADC clock terminal 112. In this example,
the configurable clock signal 122 is provided directly to the ADC clock terminal 112, although it will be appreciated from
the description that follows that in other examples the configurable clock signal 122 can be provided indirectly to the
ADC clock terminal 112; that is, via another processing block / component such as a programmable frequency divider.
The configurable clock signal 122 is selectively inverted with respect to the received carrier frequency signal 136 in
accordance with a first feedback signal 124 received at the inverter control terminal 120.

That is, the configurable clock signal 122 is either an inverted version of the received carrier frequency signal 136, or is
the same as the received carrier frequency signal 136 (that is, it is not inverted) depending upon the first feedback signal
124. In this way, the ADC 106 can be clocked at a moment in time that corresponds to a rising edge of the carrier
frequency signal 136 (when the controllable clock signal 122 is the same as the carrier frequency signal 136), or can
be clocked at a momentin time that corresponds to a falling edge of the carrier frequency signal 136 (when the controllable
clock signal 122 is inverted with respect to the carrier frequency signal 136, in which case a falling edge in the carrier
frequency signal 136 represents a rising edge in the controllable clock signal 122).

The symbol clock recovery circuit 100 also includes a timing detector 126 that has a timing detector input terminal 128,
a timing detector output terminal 130, and a first timing detector feedback terminal 132. The timing detector input terminal
128 is configured to receive the ADC output signal 134 from the ADC output terminal 110. The timing detector output
terminal 130 is configured to provide the digital output signal 102. The timing detector 126 may also be referred to as a
digital receiver, and may process the received ADC output signal 134, which can include noise for example, in order to
provide a less noisy digital output signal 102.

The first timing detector feedback terminal 132 of the timing detector 126 provides the first feedback signal 124 to the
inverter control terminal 120. As indicated above, the first feedback signal 124 will be used to set whether or not the
controllable inverter 114 inverts the carrier frequency signal 136 when generating the configurable clock signal 122. The
first feedback signal 124 is indicative of whether the inverted or un-inverted carrier frequency signal 136 is expected to
provide a more accurate digital output signal 102. The timing detector 126 can determine an error signal associated with
the received ADC output signal 134, and then set the first feedback signal 124 in accordance with the error signal. In
some examples, this processing can involve minimizing or reducing an error metric (for example, the energy of some
error signal) obtained for different values of the first feedback signal 124. In other examples, as discussed below, the
timing detector 126 can compare a representation of the error signal with a threshold, and then set the first feedback
signal 124 in accordance with a result of the comparison of the representation of the error signal with the threshold. This
second approach can enable the symbol clock recovery circuit 100 to maintain a current value for the first feedback
signal 124 without having to check the level of performance for a different value of the first feedback signal 124.
[0026] Figure 2 shows example values of the following signals:

a coherent baseband signal 206, such as the signal received at the ADC input terminal of figure 1. As indicated in
figure 2, the coherent baseband signal 206 is subject to inter-symbol interference (I1S1) from adjacent symbols;

a recovered carrier clock signal 208, such as the signal received at the controllable inverter input terminal of figure
1; and

a symbol pulse signal 204, which shows the symbol information represented by the coherent baseband signal 206,
and represents the intended digital output signal provided at the timing detector output terminal of figure 1.

[0027] Figure 2 shows that in this example, the duration of a symbol 204 is modulated onto only two periods of the
recovered carrier clock signal 208. This can be considered as a very high data rate communication system. As indicated
above, example circuits disclosed in this document are particularly advantageous for such systems, and particularly
where a symbol time is as short as 2 carrier periods.

[0028] Figure 2 shows a sequence of squares and circles on the coherent baseband signal 206, which represent
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sampled analogue values at corresponding rising and falling edges of the recovered carrier clock signal 208, that will
be used to convert the coherent baseband signal 206 into a digital signal. This sampling can be performed by the ADC
of figure 1.

[0029] It can be seen from figure 2 that the samples obtained with rising edges versus the samples obtained at falling
edges of the recovered carrier clock signal 208 differ by a length of time that corresponds to half a period of the recovered
carrier clock signal 208. It can also be seen that the values of the samples obtained for rising edges (indicated with a
circle in figure 2) are very different to the values of the samples obtained for falling edges (indicated with a square in
figure 2), and therefore can potentially produce a different signal level when converted to a digital signal.

[0030] In figure 2, the symbol pulse 204 is a non-return to zero (NRZ) pulse. It can be seen that the best sampling
timing (the one with most signal energy) is as close as possible to the end of the pulse 204. This is because itsimultaneously
maximizes the energy for the current symbol 204 and minimizes the energy of the ISI from the previous symbol, thereby
maximizing the signal to interference and noise ratio (SINR). The time grid on which the symbol pulse is aligned is
determined by the transmitter and in general is designed such that the transition at the end of a symbol 204 is not
guaranteed to coincide with a rising or falling edge of the recovered carrier clock signal 208. For a high data rate
communication it is common that the pulse duration is only a few carrier periods, for example the two as depicted in
figure 2. That is, the symbol rate can approach the carrier rate. In such cases, and as can be seen in figure 2, half a
carrier symbol timing error can make a great difference, and completely impair the performance. Symbol timing syn-
chronization can therefore be particularly important for receiver performance, (for example in terms of bit error rate
(BER)) of an associated digital receiver.

[0031] In a coherent demodulator, the carrier signal is extracted from the received signal containing the information
to be demodulated. The problem of finding the preferred symbol timing can then by reduced to the sub-problem of finding
a sufficiently good sample phase / sampling instant within a known timing grid defined by the zero crossings of the
recovered carrier.

[0032] In practical implementations of a coherent receiver path, it may not be possible to choose the ADC sample
instants with arbitrary accuracy. For example they may coincide with either the rising or falling edges (zero crossings)
of the recovered carrier, so that the accuracy with which the receiver will choose the symbol timing is limited to one
carrier time. Again, this can be a significant problem for very high data rate communication systems, where a symbol
time can be as short as 2 carrier periods.

[0033] For RFID systems, these problems can be made worse by an inherent unknown of the sign of the received RF
waveform in a communication reader to card. The voltage and current induced by the magnetic field changes its sign if
the transponder device (the smart card) is flipped. This means that the ADC sampling grid, which is constructed upon
the RF waveform itself, will also depend on the orientation of the smart card with respect to the reader. More precisely,
by flipping the card the sampling time will be changed by half a carrier period. For high data rate communication, such
as RFID at 13.56MHz carrier, with data rate of 6.78Mbps, which runs at a symbol rate of fc/2, if a first feedback signal
is not used then only one side of the smart card may be able to correctly receive a frame. In contrast, if a first feedback
signal is used, then both sides of the smart card may be usable.

[0034] Figure 3 shows a signal processing circuit, which includes a symbol clock recovery circuit 300 for a data
communication system using coherent demodulation, which has similarities to the symbol clock recovery circuit of figure
1. The signal processing circuit may be referred to as a coherent demodulator. The digital receiver 326 of figure 3
performs the same functionality as the timing detector of figure 1, and can reconstruct transmitted symbols from a
received baseband signal. The exclusive-or (XOR) gate 314 of figure 3 performs the same functionality as the controllable
inverter of figure 1; the Xor gate represents a simple and convenient implementation of a component that can perform
conditional inversion. The ADC 306 of figure 3 performs the same functionality as the ADC of figure 1. These components
will therefore not necessarily be described again here.

[0035] The signal processing circuit of figure 3 receives a high frequency input (HFin) signal 350. In one example, the
signal processing circuit may be a radio-frequency identification (RFID) card / tag reader, and the HFin signal 350 is a
signal received from an antenna in communication with an RFID card / tag. The HFin signal 350 comprises modulation
symbols that have been impressed onto a carrier. The modulation scheme can be chosen in such a way that the carrier
signal is not suppressed at the receiving device. For example, this can be achieved when the average of the constellation
points does not coincide with the origin of the |Q plane. As a result, the carrier signal is available in the received signal
for a carrier recovery circuit (for example a carrier extraction block 352) to lock on to. This may avoid the need for a
crystal, and can enable true coherent demodulation to take place. The modulation symbols can be in a fixed phase and
frequency relationship with the transmitted carrier signal, and the symbol duration can be an integer multiple of the carrier
period.

[0036] The HFin signal 350 is provided to a first mixer input terminal of a mixer 354. The HFin signal 350 is also
provided to an input terminal of a carrier extraction block 352. As is known in the art, the carrier extraction block 352
may simply be a phase locked loop (PLL). An output terminal of the carrier extraction block 352 provides a carrier
frequency signal 336 to an input terminal of the Xor gate 314. In this example, the carrier extraction block 352 also
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provides an in-phase and quadrature representation of the carrier frequency signal 336 to a second mixer input terminal
of the mixer 354. It will be appreciated that in other examples a one-dimensional, or any other type of signal, may be
provided to the second mixer input terminal. The mixer 354 provides a coherent baseband signal 304 at a mixer output
terminal, which is connected to the ADC input terminal.

[0037] Inthis example, the digital receiver 326 has a second feedback terminal 356, which provides a second feedback
signal 366. As will be discussed in more detail below, the second feedback signal is used to control which of a plurality
of carrier clock pulses that occur during a symbol duration is used to clock the ADC 306. More generally, a timing selector
358 is configured to provide an adjusted configurable clock signal 368 such that it has a transition that corresponds to
one of a plurality of transitions in the carrier frequency signal during a single symbol in the received baseband signal,
wherein the selected one of the plurality of transitions is selected in accordance with the second feedback signal 366.

[0038] Inthe same way as for figure 1, the digital receiver 326 also produces a first feedback signal 324 that is used
to control whether it is the rising or falling edge of an original carrier clock pulse that is used to clock the ADC 306. It will
be appreciated that using the first feedback signal 324 doubles the number of sampling opportunities within a single
symbol, when compared with a circuit that only uses the second feedback signal 366. That is, the addition of the first
feedback signal 324 and the Xor gate 314 can double the sampling accuracy to half a carrier period.

[0039] The signal processing circuit of figure 3 also includes a timing selector block / component 358. The timing
selector 358 has a timing selector input terminal 360 that is connected to the Xor output terminal of the Xor gate 314,
and receives the configurable clock signal 322. The timing selector 358 also has a timing selector output terminal 362
that provides an adjusted configurable clock signal 368 to the ADC clock terminal of the ADC 306. The timing selector
358 further has a timing selector control terminal 364 that is connected to the digital receiver second feedback terminal
356, and receives the second feedback signal 366. The timing selector 358 may be implemented as a programmable
frequency divider.

[0040] The timing selector 358 in this example performs two main functions. Firstly, it performs a frequency division
operation, in this example an integer frequency division operation, on the received configurable clock signal 322, such
that the frequency of the adjusted configurable clock signal 368 matches the frequency of symbols in the coherent
baseband signal 304. The timing selector 364 may be hardcoded with a frequency division factor that corresponds to
the expected modulation frequency. Alternatively, the timing selector 364 may be capable of receiving or retrieving the
required frequency division factor from memory.

[0041] Secondly, the timing selector 358 can select which of the signal transitions (that is, which rising edge or which
falling edge) in the configurable clock signal 322 is included in the adjusted configurable clock signal 368 in order to
clock the ADC 306. This timing selection may be referred to as phase shifting because it relates to setting the phase of
the adjusted configurable clock signal 368 after frequency division.

[0042] In one example, the digital receiver 326 sets the first feedback signal 324 and the second feedback signal 366
such that, for different symbols, the rising edge of the adjusted configurable clock signal 368 occurs at a different point
in time within the symbol. For example, with reference to figure 2, the first feedback signal 324 and the second feedback
signal 366 may be sequentially set such that:

* the first sampling opportunity shown with a square is used for a first received symbol;

» the first sampling opportunity shown with a circle is used for a second received symbol;

* the second sampling opportunity shown with a square is used for a third received symbol;
e efc.

[0043] This sequential processing can be achieved by setting:

i. the first feedback signal 324 such that represents an instruction for the Xor gate to perform an inversion, and the
second feedback signal 366 such that it represents acommand sequence [0..Nc-1] for Nc symbols, where Nc=carrier
frequency /symbol frequency); followed by

ii. the first feedback signal 324 such that it represents an instruction for the Xor gate not to perform an inversion,
and the second feedback signal 366 such that it represents the same command sequence [0..Nc-1] for Nc symbols.

[0044] Thedigital receiver 326 can then apply a decision algorithm that will interleave the two sets into one and proceed
by calculating the optimum sampling phase TO with a half-integer offset accuracy using received ADC output signals
334 for the different values of the command sequences. In this way, the digital receiver 326 sequentially sets the second
feedback signal at a plurality of control values, and subsequently set the second feedback signal in accordance with
received ADC output signals for the plurality of control values.

[0045] Such a scan of the possible sample phases can be performed during a known preamble portion of the received
HFin signal 350. The digital receiver 326 can then process the ADC output signals 334 received from the ADC 306 for
the different symbols in order to identify the best symbol timing. One example for identifying the best symbol timing /
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phase can involve identifying preamble zero crossings (TZC), as described in EP 2 515 467 A1. It will be appreciated
that different ways of determining the best sample timing using received ADC output signals 334 for different sampling
timings / phases can also be used. For example, the digital receiver 326 may determine, for each of a plurality of control
values, a conversion metric representative of the quality of the analogue-to-digital conversion. Then, in accordance with
the determined conversion metrics, the digital receiver 326 can subsequently set the second control signal as one of
the plurality of control values. It will be appreciated that any suitable conversion metric can be used.

[0046] One or more of the components shown in figure 3, and optionally all of the components shown in figure 3, may
be provided on an integrated circuit, which may be considered as a smart card chip or an NFC chip.

[0047] Figure 4 shows an example implementation of a digital receiver 426 that can provide a first feedback signal
424 for use with the circuits shown in figures 1 and 3. The digital receiver 426 may represent an RFID receiver for either
phase shift keying (PSK) or amplitude shift keying (ASK) modulation. The digital receiver 426 can be considered as a
high level solution to setting the first feedback signal 424, may not require processing of a preamble, and may not require
an algorithm to sequentially step through the potential sampling phases / instants in turn.

[0048] Figure 4 shows an ADC 406. The ADC 406 has an ADC output terminal that is connected to a digital receiver
input terminal 428. In this example, the digital receiver input terminal 428 is connected to an input terminal of an optional
pre-processing block 470. The pre-processing block 470 can perform gain control, DC removal, and / or equalization if
a very high symbol rate is used when compared with channel bandwidth, for example. An output terminal of the pre-
processing block 470 is connected to an input terminal of a detector block 472; or the digital receiver input terminal 428
is connected to the input terminal of the detector block 472 if a pre-processing block 470 is not used. The detector block
472, which can also be referred to as a slicer, can determine a symbol associated with the detector input signal received
at the input terminal of the detector block 472. In this way, the detector block 472 can make a decision guess on the
transmitted symbol. An output terminal of the detector block 472 provides a detector output signal that is one entry of
the symbol alphabet, whereas the input signal to the detector block 472 is affected by ISI and noise.

[0049] Figure 5 shows examples of an input signal received at the input terminal of the detector block 472 with circles,
and an output signal provided at the output terminal of the detector block 472 with squares. The signals shown in figure
5 are for an 8-DPSK receiver. Both input and output signal are represented on the vertical axis in integer units, also
known as "symbol intervals". The horizontal axis represents elementary time units. It can be seen that the output signal
is always exactly one of the integer values on the vertical axis, whereas the input signal can take values in between the
integer values due to ISI, noise, etc. In this example, the digital receiver operates merely a rounding to provide integer
symbol levels.

[0050] Returning to figure 4, the digital receiver 426 also includes an error calculation block 474. The error calculation
block 474 includes a first error calculation input terminal 476 and a second error calculation input terminal 478. The first
error calculation input terminal 476 is connected to the detector input terminal such that it receives the detector input
signal, which is a signal representative of the ADC output signal; for example the ADC output signal may have been
pre-processed before it is provided to the first error calculation input terminal 476. The second error calculation input
terminal 478 is connected to the detector output terminal such that it receives the detector output signal, which is a signal
representative of the digital output signal; for example the second error calculation input terminal 478 may receive the
digital output signal before or after a map-to-bin operation has been performed.

[0051] The error calculation block 474 also has an error calculation output terminal 480 that provides an error signal.
In this example, the error signal is the difference between the signal received at the first error calculation input terminal
476 and the signal received at the second error calculation input terminal 478:

DetectionError = Detectorin - DetectorOut

[0052] The error signal is therefore bounded by [-0.5...0.5].

[0053] The errorsignalis provided to a decision block 482, which in this example applies an algorithm to the information
represented by the error signal in order to determine how to set the first feedback signal 424. Further details of an
example algorithm are provided below.

[0054] In this example, an optional "map to bin" block 484 is connected to the detector block 472, and can process
the multi-level detector output signal in order to provide a digital output signal 402.

[0055] Figure 6 shows an example error signal that can be achieved for a 20Mbps 8-DPSK RFID receiver, that utilises
a first feedback signal such as the ones described above. The error signal shown in figure 6 contains one modulated
data frame, and comprises:

a first part 690, which corresponds to an unmodulated carrier (where error is small)
a second part 692, which corresponds to a start-of-frame with a preamble (where error is large until any pre-
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processing has settled);

a third part 694, which corresponds to the payload (where error is determined by both noise and uncompensated ISl);
a fourth part 696, which corresponds to an end of frame marker; and

a fifth part 698, which again corresponds to an unmodulated carrier.

[0056] It can be seen from figure 6 that the value of the error signal in the payload 694 rarely exceeds a value of about
0.1 or 0.2, which is indicative of accurate performance.

[0057] For comparison purposes, figure 7 shows an example error signal for a 20Mbps 8-DPSK RFID receiver that
does not utilise a first feedback signal. It can be seen that the error signal in the payload 794 of figure 7 is much larger
than the error signal in the payload of figure 6. One can see that during the payload 794 the error can be low or high
depending on the chosen sampling time with half carrier period difference between each other. This occurs because a
wrong sample timing shows as additional ISI, which is not cured by the pre-processing.

[0058] One simple way of deriving an error margin from the error signal is by applying the following formulae to the
received error signal (DetError):

errMarginMax = 0.5 - max(DetError, during payload) >=0

errMarginMin = 0.5 + min(DetError, during payload) >= 0

errMargin = min(errMarginMax, errMarginMin)

[0059] The error margin according to this definition is defined positive. For the error signal of figure 6 it is 0.10 symbol
intervals (resulting in O bit errors), and for the error signal of figure 7 it is 0.00 symbol intervals (resulting in many bit
errors, more than 50). Another possible approach to determine an error margin is to calculate the mean absolute value
of the error, and map this on to an average error margin.

[0060] Determining each of errMarginMax, errMarginMin and errMargin in the way described above can be considered
as examples of comparing a representation of the error signal with a threshold. That is, determining errMarginMax can
be considered as comparing a first representation of the error signal with a first threshold, and determining errMarginMin
can be considered as comparing a second representation of the error signal with a second threshold. Such a first
representation of the error signal is a maximum value of the error signal and such a second representation of the error
signal is a minimum value of the error signal. The first threshold may be different to, or the same as, the second threshold.
As will be described below, one or more of errMarginMax, errMarginMin and errMargin can then be used to set the first
feedback signal.

[0061] In some examples, the errMarginMax and errMarginMin values can be determined with respect to different
threshold values. This can be achieved by using a value other than 0.5 in one of the calculations, or by comparing the
result of one of the calculations with a value other than 0. That is, different numerical constant values can be used to
determine a first representation of the error signal (errMarginMax) and a second representation of the error signal
(errMarginMax). This can be advantageous if the signal path is considered to be non-linear.

[0062] Returning to figure 4, the decision block 482 can apply a decision algorithm that first checks if a consolidated
value for the error margin (errMargin) is larger than a threshold, which may be predefined fraction of a symbol interval
(for example, 0.05). If not, then the decision block 482 toggles the value of the first feedback signal 424 (for example,
changes it from 0 to 1). Then for a next frame, the decision block 482 measures the error margin again. If the error
margin improved for the next frame, then the decision block 482 can freeze / maintain the value of the first feedback
signal 424, optionally until the end of a current transaction. (As is known in the art, a transaction can comprise a complete
transmission between the reader and the card, including a number of frames. The end of the transaction can be said to
occur when all information that needs to be exchanged is in fact exchanged; that is, all frames have been correctly
received.) If the error margin is not improved, then the decision block 482 can return the value of the first feedback signal
424 to its previous value. In this way, the decision block 482 can set the first feedback signal in accordance with (i) a
result of the comparison of the representation of the error signal with the threshold, and (ii) a result of a comparison of
a representation of an earlier error signal with a threshold (which may or not be the same threshold).

[0063] In another example, each of two representations of the error signal (errMarginMax and errMarginMin) may be
separately and independently compared with threshold levels (which may be the same as each other or different). This
may be instead of comparing a consolidated value for the error margin (errMargin) with a threshold, as indicated above.
[0064] The decision block 482 may then toggle the value of the first feedback signal 424 if either, or both, of the two



10

15

20

25

30

35

40

45

50

55

EP 2 940 916 B1

representations of the error signal (errMarginMax and errMarginMin) is larger than a threshold.

[0065] Examples disclosed herein relate to a method of sampling a coherent demodulated signal with half carrier
accuracy symbol timing, with an ADC that can operate at a rate smaller or equal to the carrier rate. Such half a carrier
period accuracy can make it possible for a smart card to be operated on both sides in a communication reader with
equal performance. An analogue unit may be used, which comprises a carrier recovery unit, a demodulator to baseband,
an ADC running at most at the carrier rate, and a mechanism to select the sampling grid with half carrier period accuracy.
Such mechanism can be controlled by a digital unit, which can observe the ADC outputs and select the best sampling time.
[0066] Circuits disclosed herein can:

e improve receiver sensitivity, which can result in an increased communication distance;

e enable a very high data rate to work equally well on both sides of a smart card - flipping of the card can be effectively
undone. The effect of the first feedback (clock invert) signal is to make the frame error rate performance on both
sides of the smart card to be the better of the two, irrespective of the card orientation; and

* be used to detect that a smart RFID card has been flipped by checking the output of the first feedback signal.

[0067] One or more examples disclosed herein can address difficulties associated with symbol clock recovery in
receiver design. In some examples, circuits disclosed herein can find the right symbol timing by controlling the phase
of a frequency divider, scanning over a finite set of possible symbol phases.

[0068] Circuits disclosed herein can be used in non-suppressed carrier systems where true coherent demodulation
can take place and where the symbol frequency is in a fixed and known relation to the carrier frequency. Such circuits
can be especially appropriate in future very high bit rate ISO14443-type systems (for example mobile NFC applications,
or smartcard applications) that require a low-power proximity integrated circuit card (PICC). One such system may
achieve 20Mbps PCD to PICC data rate.

[0069] It will be appreciated that any components that are described herein as being coupled or connected could be
directly or indirectly coupled or connected. That is, one or more components could be located between two components
that are said to be coupled or connected whilst still enabling the required functionality to be achieved.

Claims
1. A symbol clock recovery circuit (100) comprising:

an ADC (106) comprising an ADC input terminal (108), an ADC output terminal (110) and an ADC clock terminal
(112), wherein the ADC input terminal is configured to receive a baseband signal (104), wherein the baseband
signal is representative of one or more symbols, and wherein the ADC output terminal is configured to provide
an ADC output signal (134);

a controllable inverter (114) comprising an inverter input terminal (116), an inverter output terminal (118) and
an inverter control terminal (120), wherein the inverter input terminal is configured to receive a carrier frequency
signal (136), the inverter output terminal is configured to provide a configurable clock signal (122) to the ADC
clock terminal; and wherein the configurable clock signal is selectively inverted with respect to the received
carrier frequency signal in accordance with a first feedback signal (124) received at the inverter control terminal;
a timing detector (126) comprising a timing detector input terminal (128), a timing detector output terminal (130),
a first timing detector feedback terminal (132), wherein:

the timing detector input terminal is configured to receive the ADC output signal from the ADC output terminal;
the timing detector output terminal is configured to provide a digital output signal (102); and

the first timing detector feedback terminal is configured to provide the first feedback signal to the inverter
control terminal;

wherein the timing detector is configured to determine an error signal associated with the received ADC output
signal, and set the first feedback signal in accordance with the error signal.

2. The symbol clock recovery circuit (100) of claim 1, wherein the timing detector (126) is configured to compare a
representation of the error signal with a threshold, and set the first feedback signal (124) in accordance with a result
of the comparison of the representation of the error signal with the threshold.

3. The symbol clock recovery circuit (100) of claim 1 or claim 2, wherein the controllable inverter (114) is configured
to set a timing of a rising edge of the configurable clock signal at a resolution of half carrier frequency.
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The symbol clock recovery circuit (100) of any preceding claim, wherein the ADC (106) is configured to perform an
analogue to digital conversion upon receipt of either a rising edge or a falling edge in the configurable clock signal
received at the ADC clock terminal (112).

The symbol clock recovery circuit (100) of any preceding claim, wherein the timing detector (126) is configured to
determine the error signal associated with the received ADC output signal (134) by comparing (i) a signal repre-
sentative of the ADC output signal with (ii) a signal representative of the digital output signal (102).

The symbol clock recovery circuit (100) of any preceding claim, wherein the timing detector (126) is configured to:

compare a first representation of the error signal with a first threshold,

compare a second representation of the error signal with a second threshold, and

set the first feedback signal (124) in accordance with a result of either or both of (i) the comparison of the first
representation of the error signal with the first threshold, and (ii) the comparison of the second representation
of the error signal with the second threshold.

The symbol clock recovery circuit (100) of claim 6, wherein the timing detector (126) is configured to:

compare a consolidated value of the first representation of the error signal and the second representation of
the error signal with a threshold, which is a predefined fraction of a symbol interval, wherein the consolidated
value is the lesser of the first representation of the error signal and the second representation of the error signal;
and

set the first feedback signal (124) in accordance with a result of the comparison of the consolidated value with
the threshold.

The symbol clock recovery circuit (100) of claim 6 or claim 7, wherein the first representation of the error signal
comprises a maximum value of the error signal and the second representation of the error signal comprises a
minimum value of the error signal.

The symbol clock recovery circuit (100) of any one of claims 6 to 8, wherein the first threshold is different to the
second threshold.

The symbol clock recovery circuit (100) of any one of claims 6 to 9 wherein the timing detector (126) is configured
to set the first feedback signal (124) in accordance with (i) a result of the comparison of the representation of the
error signal with the threshold, and (ii) a result of a comparison of a representation of an earlier error signal with the
threshold.

The symbol clock recovery circuit (300) of any preceding claim, wherein:

the inverter output terminal is connected indirectly to the ADC clock terminal via a timing selector (358), the
timing selector comprising a timing selector input terminal (360), a timing selector output terminal (362) and a
timing selector control terminal (364), wherein:

the timing selector input terminal is configured to receive the configurable clock signal (322) from the
controllable inverter (314);

the timing selector output terminal is configured to provide an adjusted configurable clock signal (368) to
the ADC clock terminal; and

the timing selector control terminal is configured to receive a second feedback signal (366);

the timing selector is configured to provide the adjusted configurable clock signal such that it has a transition
that corresponds to one of a plurality of transitions in the carrier frequency signal during a single symbol in the
received baseband signal (304), wherein the selected one of the plurality of transitions is selected in accordance
with the second feedback signal; and

the timing detector (326) has a second feedback terminal (356) that is configured to provide the second feedback
signal (366), wherein the timing detector is configured to sequentially set the second feedback signal at a plurality
of control values, and subsequently set the second feedback signal in accordance with received ADC output
signals (334) for the plurality of control values.
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The symbol clock recovery circuit (300) of claim 11, wherein the timing detector (326) is configured to:

determine, for each of the plurality of control values, a conversion metric representative of the quality of the
analogue to digital conversion;

in accordance with the determined conversion metrics, subsequently set the second control signal as one of
the plurality of control values.

The symbol clock recovery circuit (300) of claim 11 or claim 12, wherein the timing detector (326) is configured to
perform an integer frequency division operation on the received configurable clock signal (368), such that the
frequency of the adjusted configurable clock signal matches the frequency of symbols in the baseband signal (304).

A data communication system comprising the symbol clock recovery circuit (100; 300) of any preceding claim.

An integrated circuit comprising the symbol clock recovery circuit (100; 300) of any one of claims 1 to 13, or the
data communication system of claim 14.

Patentanspriiche

1.

Ein Symbol Takt Wiederherstellungsschaltkreis (100), welcher aufweist:

einen ADC (106), welcher aufweist einen ADC Eingangsanschluss (108), einen ADC Ausgangsanschluss (110)
und einen ADC Taktanschluss (112), wobei der ADC Eingangsanschluss konfiguriert ist, um ein Basisband
Signal (104) zu empfangen, wobei das Basisband Signal reprasentativ ist fir ein oder mehrere Symbole, und
wobei der ADC Ausgangsanschluss konfiguriert ist, um ein ADC Ausgangssignal (134) bereitzustellen;

einen steuerbaren Invertierer (114), welcher aufweist einen Invertierer Eingangsanschluss (116), einen Inver-
tierer Ausgangsanschluss (118) und einen Invertierer Steueranschluss (120), wobei der Invertierer Eingangs-
anschluss konfiguriertist, um ein Tragerfrequenz Signal (136) zu empfangen, der Invertierer Ausgangsanschluss
konfiguriert ist, um ein konfigurierbares Taktsignal (122) an dem ADC Taktanschluss bereitzustellen; und wobei
das konfigurierbare Taktsignal selektiv invertiert ist in Bezug auf das empfangene Tragerfrequenz Signal in
Ubereinstimmung mit einem ersten Feedback Signal (124), empfangen an dem Invertierer Steueranschluss ;
einen Timing Detektor (126), welcher aufweist einen Timing Detektor Eingangsanschluss (128), einen Timing
Detektor Ausgangsanschluss (130), einen ersten Timing Detektor Feedbackanschluss (132), wobei:

der Timing Detektor Eingangsanschluss konfiguriert ist, um das ADC Ausgangssignal von dem ADC Aus-
gangsanschluss zu empfangen;

der Timing Detektor Ausgangsanschluss konfiguriert ist, um ein digitales Ausgangssignal (102) bereitzu-
stellen; und

der erste Timing Detektor Feedbackanschluss konfiguriertist, um das erste Feedback Signal dem Invertierer
Steueranschluss bereitzustellen;

wobei der Timing Detektor konfiguriert ist, um ein Fehlersignal zu bestimmen, welches mit dem empfangenen
ADC Ausgangssignal verkniipft ist, und um das erste Feedback Signalin Ubereinstimmung mit dem Fehlersignal
einzustellen.

Der Symbol Takt Wiederherstellungsschaltkreis (100) gemafR Anspruch 1, wobei der Timing Detektor (126) konfi-
guriert ist, um eine Reprasentation von dem Fehlersignal mit einem Schwellenwert zu vergleichen und das erste
Feedback Signal (124) in Ubereinstimmung mit einem Ergebnis von dem Vergleich von der Représentation von
dem Fehlersignal mit dem Schwellenwert einzustellen.

Der Symbol Takt Wiederherstellungsschaltkreis (100) gemafR Anspruch 1 oder Anspruch 2, wobei der steuerbare
Invertierer (114) konfiguriert ist, um eine Zeit von einer steigenden Flanke von dem konfigurierbaren Taktsignal bei
einer Auflésung der halben Tragerfrequenz einzustellen.

Der Symbol Takt Wiederherstellungsschaltkreis (100) gemaf einem vorhergehendem Anspruch, wobei der ADC
(106) konfiguriert ist, um eine analog zu digital Umwandlung durchzuflihren nach Empfang von entweder einer
steigenden Flanke oder einer fallenden Flanke in dem konfigurierbaren Taktsignal, welches an dem ADC Taktan-
schluss (112) empfangen wird.
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Der Symbol Takt Wiederherstellungsschaltkreis (100) gemaR einem vorhergehenden Anschluss, wobei der Timing
Detektor (126) konfiguriert ist, um das Fehlersignal zu bestimmen, welches mit dem empfangenen ADC Ausgangs-
signal (134) verknlpft ist, mittels Vergleichens (i) eines Signal reprasentativ fir das ADC Ausgangssignal mit (ii)
einem Signal reprasentativ fur das digitale Ausgangssignal (102).

Der Symbol Takt Wiederherstellungsschaltkreis (100) gemaR einem vorhergehenden Anspruch, wobei der Timing
Detektor (126) konfiguriert ist, um:

eine erste Reprasentation von dem Fehlersignal mit einem ersten Schwellenwert zu vergleichen,

eine zweite Reprasentation von dem Fehlersignal mit einem zweiten Schwellenwert zu vergleichen, und

das erste Feedback Signal (124) einzustellen in Ubereinstimmung mit einem Ergebnis von einem oder beiden
von (i) dem Vergleich von der ersten Reprasentation von dem Fehlersignal mit dem ersten Schwellenwert, und
(ii) dem Vergleich von der zweiten Reprasentation von dem Fehlersignal mit dem zweiten Schwellenwert.

Der Symbol Takt Wiederherstellungsschaltkreis (100) gemafR Anspruch 6, wobei der Timing Detektor (126) konfi-
guriert ist, um:

einen konsolidierten Wert von der ersten Reprasentation von dem Fehlersignal und der zweiten Reprasentation
von dem Fehlersignal mit einem Schwellenwert zu vergleichen, welcher eine vordefinierte Fraktion von einem
Symbolintervall ist, wobei der konsolidierte Wert der Geringere von der ersten Reprasentation von dem Feh-
lersignal und der zweiten Reprasentation von dem Fehlersignal ist; und

das erste Feedback Signal (124) in Ubereinstimmung mit einem Ergebnis von dem Vergleich von dem konso-
lidierten Wert mit dem Schwellenwert einzustellen.

Der Symbol Takt Wiederherstellungsschaltkreis (100) gemaf Anspruch 6 oder Anspruch 7, wobei die erste Repra-
sentation von dem Fehlersignal einen Maximalwert von dem Fehlersignal aufweist und die zweite Reprasentation
von dem Fehlersignal einen Minimalwert von dem Fehlersignal aufweist.

Der Symbol Takt Wiederherstellungsschaltkreis (100) gemaf einem der Anspriiche 6 bis 8, wobei der erste Schwel-
lenwert verschieden von dem zweiten Schwellenwert ist.

Der Symbol Takt Wiederherstellungsschaltkreis (100) gemalR einem der Anspriiche 6 bis 9, wobei der Timing De-
tektor (126) konfiguriert ist, um das erste Feedback Signal (124) einzustellen in Ubereinstimmung mit (i) einem
Ergebnis von dem Vergleich von der Reprasentation von dem Fehlersignal mit dem Schwellenwert, und (ii) einem
Ergebnis von einem Vergleich von einer Reprasentation von einem frilheren Fehlersignal mit dem Schwellenwert.

Der Symbol Takt Wiederherstellungsschaltkreis (300) gemaR einem vorhergehendem Anspruch, wobei:

der Invertierer Ausgangsanschluss indirekt mitdem ADC Taktanschluss verbunden ist via einem Timing Selektor
(358), wobei der Timing Selektor aufweist einen Timing Selektor Eingangsanschluss (360), einen Timing Se-
lektor Ausgangsanschluss (362) und einen Timing Selektor Steueranschluss (364), wobei:

der Timing Selektor Eingangsanschluss konfiguriert ist, um das konfigurierbare Taktsignal (322) von dem
steuerbaren Invertierer (314) zum empfangen;

der Timing Selektor Ausgangsanschluss konfiguriert ist, um ein abgestimmtes konfigurierbares Taktsignal
(368) dem ADC Taktanschluss bereitzustellen; und

der Timing Selektor Steueranschluss konfiguriert ist, um ein zweites Feedback Signal (366) zu empfangen;
der Timing Selektor konfiguriertist, um das abgestimmte konfigurierbare Taktsignal bereitzustellen, so dass
es einen Ubergang hat, welcher einen von einer Mehrzahl von Ubergangen in dem Tragerfrequenz Signal
wahrend eines Einzelsymbols in dem empfangenen Basisband Signal (304) entspricht, wobei das ausge-
wiéhlte eine von der Mehrzahl von Ubergéngen in Ubereinstimmung mit dem zweiten Feedback Signal
ausgewahlt ist; und

der Timing Detektor (326) einen zweiten Feedbackanschluss (356) hat, welcher konfiguriert ist, um das
zweite Feedback Signal (366) bereitzustellen, wobei der Timing Detektor konfiguriert ist, um sequenziell
das zweite Feedback Signal bei einer Mehrzahl von Steuerwerten einzustellen, und nachfolgend das zweite
Feedback Signal in Ubereinstimmung mit empfangenen ADC Ausgangssignalen (334) fiir die Mehrzahl
von Steuerwerten einzustellen.
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Der Symbol Takt Wiederherstellungsschaltkreis (300) gemaR Anspruch 11, wobei der Timing Detektor (326) kon-
figuriert ist, um:

zu bestimmen, flr jeden von der Mehrzahl von Steuerwerten, eine Umwandlungsmetrik reprasentativ fir die
Qualitat von der analog zu digital Umwandlung;

in Ubereinstimmung mit der bestimmten Umwandlungsmetrik, nachfolgend das zweite Steuersignal als eines
von der Mehrzahl von Steuerwerten einzustellen.

Der Symbol Takt Wiederherstellungsschaltkreis (300) gemaR Anspruch 11 oder Anspruch 12, wobei der Timing
Detektor (326) konfiguriert ist, um eine Integer Frequenzteilung Operation auf dem empfangenen konfigurierbaren
Taktsignal (368) auszufiihren, so dass die Frequenz von dem abgestimmten konfigurierbaren Taktsignal zu der
Frequenz von Symbolen in dem Basisband Signal (304) passt.

Ein Daten Kommunikationssystem, welches den Symbol Takt Wiederherstellungsschaltkreis (100; 300) gemanl
einem vorhergehendem Anspruch aufweist.

Ein integrierter Schaltkreis, welcher den Symbol Takt Wiederherstellungsschaltkreis (100; 300) gemaf einem der
Anspriiche 1 bis 13, oder das Daten Kommunikationssystem gemaR Anspruch 14 aufweist.

Revendications

1.

Circuit de récupération d’horloge symbole (100), comprenant :

un convertisseur analogique-numérique, CAN, (106) comprenant une borne d’entrée de CAN (108), une borne
de sortie de CAN (110) et une borne d’horloge de CAN (112), la borne d’entrée de CAN étant configurée pour
recevoir un signal en bande de base (104), le signal en bande de base représentant un ou plusieurs symboles,
et la borne de sortie de CAN étant configurée pour délivrer un signal de sortie de CAN (134) ;

un inverseur commandable (114) comprenant une borne d’entrée d’inverseur (116), une borne de sortie d’in-
verseur (118) et une borne de commande d’inverseur (120), la borne d’entrée d’inverseur étant configurée pour
recevoir un signal de fréquence porteuse (136), la borne de sortie d’inverseur étant configurée pour délivrer un
signal d’horloge configurable (122) alaborne d’horloge de CAN ; et le signal d’horloge configurable étantinversé
de fagon sélective par rapport au signal de fréquence de porteuse regu en fonction d’un premier signal de
rétroaction (124) regu a la borne de commande d'’inverseur ;

un détecteur de rythme (126) comprenant une borne d’entrée de détecteur de rythme (128), une borne de sortie
de détecteur de rythme (130), une premiere borne de rétroaction de détecteur de rythme (132) :

la borne d’entrée de détecteur de rythme étant configurée pour recevoir le signal de sortie de CAN depuis
la borne de sortie de CAN ;

la borne de sortie de détecteur de rythme étant configurée pour délivrer un signal de sortie numérique
(102) ; et

la premiére borne de rétroaction de détecteur de rythme étant configurée pour délivrer le premier signal
de rétroaction a la borne de commande d’inverseur ;

le détecteur de rythme étant configuré pour déterminer un signal d’erreur associé au signal de sortie de CAN
recu et pour établir le premier signal de rétroaction en fonction du signal d’erreur.

Circuit de récupération d’horloge symbole (100) selon la revendication 1, dans lequel le détecteur de rythme (126)
est configuré pour comparer une représentation du signal d’erreur a un seuil, et établir le premier signal de rétroaction
(124) en fonction d’un résultat de la comparaison de la représentation du signal d’erreur au seuil.

Circuitde récupération d’horloge symbole (100) selon la revendication 1 ou la revendication 2, dans lequel I'inverseur
commandable (114) est configuré pour établir un rythme d’un flanc montant du signal d’horloge configurable a une
résolution d’'une demi-fréquence porteuse.

Circuit de récupération d’horloge symbole (100) selon I'une quelconque des revendications précédentes, dans

lequel le CAN (106) est configuré pour réaliser une conversion analogique-numérique des réception soit d’'un flanc
montant, soit d’'un flanc descendant dans le signal d’horloge configurable regu a la borne d’horloge de CAN (112).
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Circuit de récupération d’horloge symbole (100) selon I'une quelconque des revendications précédentes, dans
lequel le détecteur de rythme (126) est configuré pour déterminer le signal d’erreur associé au signal de sortie de
CAN recu (134) en comparant (i) un signal représentant le signal de sortie de CAN a (ii) un signal représentant le
signal de sortie numérique (102).

Circuit de récupération d’horloge symbole (100) selon I'une quelconque des revendications précédentes, dans
lequel le détecteur de rythme (126) est configuré pour :

comparer une premiére représentation du signal d’erreur a un premier seuiil,

comparer une deuxiéme représentation du signal d’erreur a un deuxieme seuil, et

établir le premier signal de rétroaction (124) en fonction d’un résultat de I'une et/ou I'autre de (i) la comparaison
de la premiére représentation du signal d’erreur au premier seuil, et (ii) la comparaison de la deuxi€éme repré-
sentation du signal d’erreur au deuxiéme seuil.

Circuit de récupération d’horloge symbole (100) selon la revendication 6, dans lequel le détecteur de rythme (126)
est configuré pour :

comparer une valeur consolidée de la premiere représentation du signal d’erreur et de la deuxiéme représen-
tation du signal d’erreur a un seuil, a savoir a une fraction prédéfinie d’un intervalle symbole, la valeur consolidée
étant la moindre de la premiére représentation du signal d’erreur et de la deuxiéme représentation du signal
d’erreur ; et

établir le premier signal de rétroaction (124) en fonction d’un résultat de la comparaison de la valeur consolidée
au seuil.

Circuitde récupération d’horloge symbole (100) selon la revendication 6 ou 7, dans lequel la premiére représentation
du signal d’erreur comprend une valeur maximale du signal d’erreur et la deuxiéme représentation du signal d’erreur
comprend une valeur minimale du signal d’erreur.

Circuit de récupération d’horloge symbole (100) selon I'une quelconque des revendications 6 a 8, dans lequel le
premier seuil est différent du deuxiéme seuil.

Circuit de récupération d’horloge symbole (100) selon I'une quelconque des revendications 6 a 9, dans lequel le
détecteur de rythme (126) est configuré pour établir le premier signal de rétroaction (124) en fonction (i) d’'un résultat
de la comparaison de la représentation du signal d’erreur au seuil, et (ii) d’'un résultat d’'une comparaison d’'une
représentation d’un signal d’erreur antérieur au seuil.

Circuit de récupération d’horloge symbole (300) selon I'une quelconque des revendications précédentes, dans
lequel :

la borne de sortie d’inverseur est reliée indirectement a la borne d’horloge de CAN via un sélecteur de rythme
(358), le sélecteur de rythme comprenant une borne d’entrée de sélecteur de rythme (360), une borne de sortie
de sélecteur de rythme (362) et une borne de commande de sélecteur de rythme (364) :

la borne d’entrée de sélecteur de rythme étant configurée pour recevoir le signal d’horloge configurable
(322) depuis l'inverseur commandable (314) ;

la borne de sortie de sélecteur de rythme étant configurée pour délivrer un signal d’horloge configurable
ajusté (368) a la borne d’horloge de CAN ; et

la borne de commande de sélecteur de rythme étant configurée pour recevoir un deuxiéme signal de
rétroaction (366) ;

le sélecteur de rythme est configuré pour délivrer le signal d’horloge configurable ajusté de sorte qu'il présente
une transition correspondant a I'une d’une pluralité de transitions dans le signal de fréquence porteuse durant
un symbole unique dans le signal en bande de base (304) regu, la transition sélectionnée parmi la pluralité de
transitions étant sélectionnée en fonction du deuxieme signal de rétroaction ; et

le détecteur de rythme (326) comporte une deuxiéme borne de rétroaction (356) configurée pour délivrer le
deuxiéme signal de rétroaction (366), le détecteur de rythme étant configuré pour établir séquentiellement le
deuxiéme signal de rétroaction a une pluralité de valeurs de commande, et établir consécutivement le deuxiéme
signal de rétroaction en fonction de signaux de sortie de CAN (334) regus pour la pluralité de valeurs de

14
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commande.

Circuit de récupération d’horloge symbole (300) selon la revendication 11, dans lequel le détecteur de rythme (326)
est configuré pour :

déterminer, pour chacune de la pluralité de valeurs de commande, une métrique de conversion représentant
la qualité de la conversion analogique-numérique ;

enfonction des métriques de conversion déterminées, établir consécutivementle deuxiéme signal de commande
a l'une de la pluralité de valeurs de commande.

Circuit de récupération d’horloge symbole (300) selon la revendication 11 ou la revendication 12, dans lequel le
détecteur de rythme (326) est configuré pour effectuer une opération de division entiére de fréquence sur le signal
d’horloge configurable (368) recu, de sorte a faire coincider le signal d’horloge configurable ajusté avec la fréquence
de symboles dans le signal en bande de base (304).

Systeme de communication de données, comprenant le circuit de récupération d’horloge symbole (100 ; 300) selon
I'une quelconque des revendications précédentes.

Circuit intégré, comprenant le circuit de récupération d’horloge symbole (100 ; 300) selon I'une quelconque des
revendications 1 a 13 ou le systeme de communication de données selon la revendication 14.
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